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HIGH CAPACITY ADSORPTION MEDIA FOR 
SEPARATING OR REMOVING CONSTITUENTS 
AND METHODS OF PRODUCING AND USING 

THE ADSORPTION MEDIA 

GOVERNMENT RIGHTS 

[0001] The United States Government has rights in the 
following invention pursuant to Contract No. DE-AC07 
99ID13727 betWeen the US. Department of Energy and 
Bechtel BWXT Idaho, LLC. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an adsorption 
medium that may be used to remove an undesirable con 
stituent from a Water supply. More speci?cally, the present 
invention relates to an adsorption medium that includes 
polyacrylonitrile and a metal hydroxide or metal oxide. 

BACKGROUND OF THE INVENTION 

[0003] Water supplies contaminated With arsenic are 
a major health and environmental concern in the United 
States and WorldWide. Arsenic is a naturally occurring 
element that is present in rocks or soils. Over time, the 
arsenic leaches from the rocks or soils into groundWater, 
surface Water, Wells, or other sources of drinking Water. This 
arsenic contamination is referred to as indigenous arsenic 
contamination. Arsenic-contaminated solutions are also pro 
duced in a variety of industries, such as mining, agriculture, 
semiconductor, or petroleum industries. These arsenic-con 
taminated solutions include process solutions and Waste 
streams. Arsenic is a knoWn carcinogen that has been shoWn 
to cause bladder, kidney, liver, and lung cancer. In 1976, the 
Environmental Protection Agency (“EP ”) established 
drinking Water standards for arsenic at a maximum concen 
tration limit (“MCL”) of 50 pig/L or 50 parts per billion 
(“ppb”). HoWever, even trace amounts of arsenic have been 
shoWn to have health risks, Which led the EPA to reduce the 
MCL to 10 ppb. The reduced MCL Will be enforced in 2006, 
Which provides only a feW years for development and testing 
of improved technologies for arsenic removal. 

[0004] Arsenic is present in nature in valence states or 
oxidation states of —3, 0, +3, and +5. In Water supplies, 
arsenic contaminants typically exist as As(III) compounds 
and/or As(V) compounds. The As(III) compounds include 
As(III) oxyanions or oxyacids, such as H3AsO3 or HAsO2, 
depending on the pH of the Water supply. The As(V) 
compounds include As(V) oxyanions, such as H2AsO4_ or 
HAsOf', or oxyacids, such as H3AsO4, depending on the 
pH of the Water supply. Under atmospheric conditions or an 
oxidiZing environment, As(V) compounds are predomi 
nantly present in Water supplies. As(III) compounds are also 
knoWn as arsenites, While As(V) compounds are knoWn as 
arsenates. 

[0005] Numerous techniques for removing arsenic from 
Water supplies have been proposed and developed. For 
instance, arsenic removal has utiliZed anion exchange, cat 
ion exchange, polymeric anion exchange, liquid-liquid 
extraction, activated alumina sorption, coprecipitation, sorp 
tion by iron oxide coated sand particles, enhanced coagula 
tion With alum or ferric chloride dosage, ferric chloride 
coagulation folloWed by micro?ltration, pressuriZed granu 
lated iron particles, iron oxide doped alginate, manganese 
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dioxide coated sand, polymeric ligand exchange, and Zero 
valent iron. These techniques primarily rely on ion exchange 
and LeWis acid-base interactions to remove the arsenic. 

[0006] In US. Pat. No. 5,591,346 to EtZel et al., an 
iron(III)-complexed cation exchange resin is disclosed for 
removing arsenic from WasteWater or drinking Water. The 
iron(III)-complexed cation exchange resin is formed by 
loading a strong acid cation exchange resin With iron ions. 
The cation exchange resin is purchased commercially and 
then loaded With the iron ions. When the iron(III)-com 
plexed cation exchange resin is contacted With a stream of 
WasteWater or drinking Water, the iron ions react With 
arsenate anions to form an iron arsenate salt complex. The 
iron arsenate salt complex is immobiliZed on the cation 
exchange resin, removing the arsenic from the WasteWater or 
drinking Water. 

[0007] While many techniques for removing arsenic from 
Water supplies are knoWn, conventional ion exchange resins 
do not provide the speci?city to economically remove loW 
concentrations of arsenic. Since many Water supplies in the 
United States, such as groundWater, surface Water, or Wells, 
have loW concentrations of arsenic, these techniques are not 
effective to remove the arsenic. In addition, many of these 
techniques are not selective for arsenic over other ions. To 
improve the selectively of ion exchange resins for arsenic, 
granules of metal oxides or metal hydroxides, such as ferric 
hydroxide, have also been investigated. While these metal 
oxide or metal hydroxide granules are more selective for 
arsenic, they have a loW porosity and, therefore, have a loW 
capacity for arsenic and poor kinetic properties. To improve 
the performance of ferric hydroxide, ferric hydroxide has 
been incorporated into organic polymers. For instance, in 
“Arsenic removal using a polymeric/inorganic hybrid sor 
bent” DeMarco et al., Water Research 37 (2003) 164-176, a 
hydrated iron oxide is dispersed into a polymeric, cation 
exchange bead. The polymeric, cation exchange beads are 
commercially available and include a polystyrene matrix 
having sulfonic acid functional groups. Asorbent is prepared 
by loading Fe(III) onto the sulfonic acid sites on the cation 
exchange beads. The Fe(III) is then desorbed and Fe(III) 
hydroxides are simultaneously precipitated Within the cation 
exchange beads using a strong alkaline solution, encapsu 
lating the hydrated iron oxides Within the cation exchange 
beads. The capacity of the sorbent for arsenic is limited by 
the total number of sulfonic acid sites on the cation exchange 
beads. In this sorbent, the hydrated iron oxide is loaded at 
approximately 09-12% by mass. In other Words, only 9 mg 
of iron per gram of sorbent is loaded at saturation. 

[0008] In further attempts to improve techniques for 
removing arsenic from Water supplies, an ion exchange resin 
for removing trace amounts of ions is disclosed in US. Pat. 
No. 4,576,969 to Echigo et al. The ion exchange resin 
includes a phenolic resin and a metal hydroxide. The ion 
exchange resin is formed by incorporating a metal salt or 
metal oxide into the phenolic resin, Which is prepared by 
precondensating a phenol compound With an aldehyde com 
pound and an acid catalyst. The mixture of the metal salt or 
metal oxide and the phenolic resin is then subjected to a 
suspension polycondensation reaction in halogenated sol 
vents. The ion exchange resin is isolated from the reaction 
mixture and treated With an alkaline agent to produce a 
spherical ion exchange resin. HoWever, the foregoing pro 
cess of preparing this ion exchange resin is problematic 



US 2005/0051492 A1 

because it is complicated and the halogenated solvents used 
in the process are difficult to dispose of. 

[0009] It is expected that large cities, Which typically have 
centralized Water treatment facilities, Will be able to comply 
With the neW MCL for arsenic using existing technologies, 
such as precipitation or coagulation treatment. HoWever, 
small and mid-siZed municipalities and other communities 
as Well as rural areas do not have centraliZed Water treatment 

facilities. Rather, they typically use point of origin treatment 
schemes, such as chlorination, at the Well head prior to 
distribution. It is estimated that over four thousand munici 
pal Water supplies and tens of thousand of private drinking 
Water supplies, primarily in the Western United States, 
Would not meet the neW MCL standard of 10 ppb arsenic. 
Under existing technologies, these small and mid-siZed 
municipalities and private users Would have to build cen 
traliZed Water treatment facilities in order to comply With the 
neW MCL. HoWever, many small and mid-siZed municipali 
ties, as Well as private users, cannot afford to build such 
facilities. Therefore, neW technologies for removing arsenic 
need to be developed to meet the neW MCL for arsenic. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention relates to a method of pro 
ducing an adsorption medium. The method comprises dis 
solving at least one metal compound in a solvent to form a 
metal solution. The metal compound may be a metal salt or 
a metal oxide of a divalent, trivalent, or tetravalent metal. 
The metal salt or metal oxide may be a salt or oxide of a 

transition metal, a rare earth metal, a Group III metal, a 
Group IV metal, or a Group V metal, such as iron, Zirco 
nium, lanthanum, cerium, titanium, aluminum, tin, silver, 
Zinc, mercury, bismuth, copper, antimony, tungsten, and 
molybdenum. Polyacrylonitrile (“PAN”) is then dissolved 
into the metal solution to form a PAN -metal solution, Which 
is deposited into a quenching bath. The quenching bath 
includes an alkaline agent, such as from approximately 0.1M 
sodium hydroxide to approximately 8M sodium hydroxide. 
The adsorption medium may be produced by precipitating a 
metal hydroxide from the PAN-metal solution and insolu 
biliZing the PAN from the PAN -metal solution. The adsorp 
tion medium may include solid beads in Which the metal 
hydroxide is incorporated into the PAN. Alternatively, a 
support, such as a ?lter, may be impregnated With the 
adsorption medium. The adsorption medium may include 
from approximately 10% by Weight to approximately 85% 
by Weight of a metal in the form of an elemental metal and 
the at least one metal hydroxide and from approximately 
15 % by Weight to approximately 90% by Weight of the PAN. 

[0011] The present invention also relates to a method of 
removing a constituent from a feed stream. The method 
comprises providing an adsorption medium having at least 
one metal hydroxide dispersed in a PAN matrix. The adsorp 
tion medium may have from approximately 10% by Weight 
to approximately 85% by Weight of a metal in the form of 
an elemental metal and the at least one metal hydroxide and 
from approximately 15% by Weight to approximately 90% 
by Weight of the PAN. The adsorption medium is contacted 
With a feed stream comprising at least one constituent, such 
as a feed stream comprising arsenic, selenium, antimony, or 
mixtures thereof. The adsorption medium is used to remove 
oxyanions or oxyacids of arsenic, selenium, or antimony 
from the feed stream. The adsorption medium may reduce 
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the amount of arsenic present in the feed stream to less than 
approximately 50 parts per billion, such as less than approxi 
mately 10 parts per billion. 

[0012] The present invention also relates to an adsorption 
medium having increased metal loading. The adsorption 
medium comprises a PAN matrix and at least one metal 
hydroxide. The adsorption medium has from approximately 
10% by Weight to approximately 85% by Weight of a metal 
in the form of an elemental metal and the at least one metal 
hydroxide and from approximately 15% by Weight to 
approximately 90% by Weight of the PAN. The metal 
hydroxide may be substantially homogenously dispersed in 
the PAN matrix. The adsorption medium may comprise at 
least approximately 50% by Weight of the elemental metal 
and the at least one metal hydroxide. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0013] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming that Which is 
regarded as the present invention, the advantages of this 
invention can be more readily ascertained from the folloW 
ing description of the invention When read in conjunction 
With the accompanying draWings in Which: 

[0014] FIG. 1 is a schematic illustration of an embodi 
ment of an adsorption medium of the present invention; 

[0015] FIG. 2 illustrates one embodiment of a process of 
making the adsorption medium; and 

[0016] FIG. 3 is a graph of equilibrium isotherms shoWing 
iron loadings ranging from 30 Wt % to 70 Wt %. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] An adsorption medium having increased metal 
loading and increased capacity is produced. The adsorption 
medium 2 includes a matrix 4 and at least one active 
component 6, as shoWn in FIG. 1. The at least one active 
component 6 may permeate into pores of the matrix 4 and 
absorb to the matrix 4. The at least one active component 6 
is synthesiZed during formation of the adsorption medium 2, 
alloWing for increased loading of the at least one active 
component 6. 

[0018] The adsorption medium 2 may be used to remove 
at least one constituent from a feed stream. The feed stream 
may be, for example, a drinking Water source or an industrial 
Water stream having at least one constituent that is to be 
removed. The drinking Water source may include ground 
Water, surface Water, Well Water, or other drinking Water 
sources. The industrial Water stream may be a process 
solution or a Waste stream generated by an industrial pro 
cess, such as a stream generated by the mining, agriculture, 
semiconductor, or petroleum industry. The at least one 
constituent to be removed may be an undesirable component 
of the feed stream, such as a component that produces health 
risks When ingested by humans or other mammals. For sake 
of example only, the at least one constituent may include, but 
is not limited to, arsenic, selenium, or antimony compounds. 

[0019] The matrix 4 may be an inert substrate, such as 
PAN. As used herein, the term “PAN” refers to an acryloni 
trile homopolymer or a copolymer containing at least about 
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40% acrylonitrile units. For instance, the PAN may be an 
acrylonitrile polymer or a copolymer having a ratio of at 
least about 40% acrylonitrile molecules to total molecules. 
PAN may be provided in a solid form. The acrylonitrile 
homopolymer may include crystalline, quasicrystalline, and/ 
or amorphous phases. The matrix 4 may be constituted to 
enable formation thereof into a plurality of small, slightly 
porous, particles, Which are also referred to herein as beads. 
PAN is an organic polymer that is easily formed into 
spherical beads having a high surface area. HoWever, addi 
tional organic and inorganic polymers having these proper 
ties, such as polystyrene, may also be used as the matrix 4, 
provided that the polymer is soluble in a solvent used to 
produce the adsorption medium 2 and is compatible With the 
at least one active component 6. 

[0020] An active component 6 may be selected for its 
ability to remove the constituent from the feed stream. For 
sake of example only, the active component 6 may be a 
metal hydroxide or a metal oxide that is incorporated, or 
physically trapped, in the matrix 4. The active component 6 
may be a hydroxide or an oxide of a divalent, trivalent, or 
tetravalent metal, such as a hydroxide or an oxide of a 
transition metal, a lanthanide or rare earth metal, a Group III 
metal, a Group IV metal, or a Group V metal. For instance, 
the active component 6 may be a hydroxide or an oxide of 

iron, Zirconium, lanthanum, cerium, titanium, aluminum, 
tin, silver, Zinc, mercury, bismuth, copper, antimony, tung 
sten, molybdenum. The active component 6 may also 
include mixtures of metal hydroxides or mixtures of metal 
oxides that are incorporated in the matrix 4. For sake of 
example only, a mixture of ferric hydroxide, lanthanum 
hydroxide, and titanium hydroxide may be present in the 
matrix 4. By utiliZing the mixture of metal hydroxides or 
mixtures of metal oxides, the adsorption medium 2 may be 
tailored to remove speci?c oxidation states of arsenic, sele 
nium, or antimony, depending on Which constituents are 
present in the feed stream. For sake of example only, one 
metal mixture may be more speci?c to remove As(III) 
compounds, While a second metal mixture may have 
increased speci?city for As(V) compounds. The metal mix 
ture may also be tailored to selectively remove constituents 
in the presence of other potentially competing anions, such 
as phosphates or nitrates. 

[0021] To produce the adsorption medium 2 having a 
metal hydroxide as the active component 6, at least one 
metal compound may be dissolved in a solvent to form a 
metal solution. The metal compound may be a metal salt, a 
metal oxide, or mixtures thereof. For instance, the metal 
compound may be a salt or an oxide of a divalent, trivalent, 
or tetravalent metal, such as a salt or an oxide of a transition 

metal, a lanthanide or rare earth metal, a Group III metal, a 
Group IV metal, or a Group V metal. The metal in the metal 
compound may include, but is not limited to, a cation of iron, 
Zirconium, lanthanum, cerium, titanium, aluminum, tin, sil 
ver, Zinc, mercury, bismuth, copper, antimony, tungsten, or 
molybdenum. The metal salt may include, but is not limited 
to, a chloride, an oxychloride, a sulfate, a nitrate, or an 
acetate of the metal cation. The metal oxide may be an oxide 
or a hydroxide of the metal. In one embodiment, the metal 
cation is iron(III), Which is provided as an iron salt or as iron 
oxide (Fe3O4 or Fe2O3). 

[0022] The solvent used to dissolve the metal compound 
may be a mineral or inorganic acid or an organic solvent in 
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Which both the metal compound and the PAN are soluble. In 
one embodiment, the solvent is concentrated nitric acid 
(HNO3). Other solvents include, but are not limited to, 
aprotic polar organic solvents, such as dimethylformamide, 
dimethylacetamide, dimethylsulfoxide (DMSO), sulfolane, 
ethylene carbonate, and N-methylpyrrolidone; acids, such as 
concentrated sulfuric acid; and concentrated aqueous solu 
tions of certain inorganic salts, such as lithium bromide, 
sodium thiocyanate, and Zinc chloride. To achieve a maxi 
mum concentration of the metal hydroxide in the adsorption 
medium 2, the metal compound may be dissolved in the 
metal solution in an amount sufficient to provide maximum 
solubility. In other Words, a saturated solution of the metal 
compound in the solvent may be produced. For sake of 
example only, if the metal hydroxide on the adsorption 
medium 2 is ferric hydroxide (FeO(OH), approximately 70 
g/L of iron (as a salt or oxide of iron, such as iron oxide 
(Fe3O4)), may be dissolved in the solvent. If a maximum 
concentration of the metal hydroxide is not desired in the 
adsorption medium 2, the amount of the metal compound in 
the metal solution may be decreased from the maximum 
solubility to provide a desired concentration. 

[0023] The PAN may be dissolved in the metal solution to 
form a PAN -metal solution. The PAN may be dissolved in 
the metal solution from approximately 3% by Weight (“Wt 
%”) to approximately 5 Wt %. As previously described, PAN 
is an inert substrate that is readily formed into spherical 
beads and provides a high surface area adsorption medium 
2 in combination With the metal hydroxide. However, addi 
tional polymers having these properties may be used as the 
matrix 4, as long as the polymer is soluble in the solvent 
used in the metal solution. The polymer may also be 
compatible With the metal compound used in the metal 
solution. The PAN may be added to the metal solution With 
slight agitation and heating to dissolve the PAN. 

[0024] Various techniques may be used to produce the 
adsorption medium 2 from the PAN-metal solution. Solid 
beads of the adsorption medium 2 may be formed by 
spraying the PAN-metal solution through an air/noZZle 
device into a quenching bath. The air/noZZle device may be 
a conventional spray noZZle that is adjusted to form droplets 
of a desired siZe. The droplets solidify into beads When they 
contact the quenching bath. The air/noZZle device may also 
utiliZe air to accelerate formation or release of the droplets. 
The quenching bath also causes metal hydroxide to precipi 
tate from the PAN -metal solution and become incorporated 
into the PAN. The quenching bath may be an aqueous, 
alkaline solution that includes an alkaline agent, such as 
sodium hydroxide or potassium hydroxide. The concentra 
tion of the alkaline agent in the alkaline solution may range 
from approximately 0.1M to approximately 8M. Desirably, 
the concentration of the alkaline agent ranges from approxi 
mately 0.5M to approximately 6M. More desirably, the 
concentration of the alkaline agent is approximately 1M. 
The quenching bath may be constantly stirred While the 
PAN -metal solution is sprayed into it. 

[0025] The alkaline agent in the quenching bath may cause 
the metal compound in the droplets of the PAN -metal 
solution to dissociate into a metal cation and an anion. Upon 
contact With the quenching bath, the metal cation reacts With 
the alkaline solution to form the metal hydroxide, Which is 
Water-insoluble. Simultaneously, the PAN in the droplets 
becomes insoluble in the alkaline solution, forming solid 
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beads that have the metal hydroxide incorporated into the 
PAN. The metal hydroxide may be homogenously dispersed 
Within the PAN. The quenching bath is used to dilute, 
remove, or neutralize the solvent in the droplets, causing the 
PAN to become insoluble and solidify. Since the metal 
hydroxide is produced from the metal oxide or metal salt 
during the formation of the adsorption medium 2, the 
adsorption medium 2 may have an increased metal loading 
compared to the metal loading in conventional ion exchange 
resins. The metal loading of the adsorption medium 2 may 
be up to approximately seventy times the metal loading 
achieved With conventional ion exchange resins. In one 
embodiment Where ferric hydroxide is the active component 
6, the metal loading of the adsorption medium 2 ranges from 
approximately 250 mg of iron per gram of the adsorption 
medium 2 to approximately 300 mg of iron per gram of the 
adsorption medium 2. With the increased loading, the solid 
beads may have an increased capacity for the constituents 
compared to the capacity of conventional ion exchange 
resins. The solid beads may include from approximately 10 
Wt % to approximately 85 Wt % of the metal in the form of 
an elemental metal and/or the metal hydroxide. The solid 
beads having the metal hydroxide incorporated into the PAN 
are removed from the quenching bath, rinsed, dried, and 
screened to obtain a desired siZe fraction of the solid beads. 
The solid beads may have the metal hydroxide incorporated 
into, or physically trapped in, the matrix 4. In one embodi 
ment, the solid beads may include at least approximately 50 
Wt % of the metal in the form of the elemental metal and/or 
the metal hydroxide, such as approximately 85 Wt %. For 
sake of example only, if iron oxide is used as the metal 
compound, the resulting solid beads may include at least 50 
Wt % iron in the form of Fe(III) and/or FeO(OH). 

[0026] The remainder of the solid beads may include PAN. 
For instance, the solid beads may include from approxi 
mately 15 Wt % to approximately 90 Wt % of the PAN. If the 
solid beads include a mixture of metals, the PAN may be 
present from approximately 15 Wt % to approximately 20 Wt 
%. The remainder of the solid bead may include from 
approximately 80 Wt % to approximately 85% of the metal 
in the form of an elemental metal and/or the metal hydrox 
ide. In one embodiment, the solid beads include approxi 
mately 25 Wt % to approximately 30 Wt % of Fe(III), Which 
equates to approximately 40 Wt % to approximately 50 Wt % 
as FeO(OH), and approximately 40 Wt % to approximately 
50 Wt % PAN. 

[0027] A rate at Which the metal hydroxide precipitates 
from the PAN -metal solution may affect the shape and metal 
loading of the solid beads that are formed. The precipitation 
rate of the metal hydroxide may be adjusted by adjusting the 
concentration of the alkaline agent in the alkaline solution. 
If the concentration of the alkaline agent is high, the metal 
hydroxide may precipitate quickly and the solid beads may 
not be sufficiently spherical. HoWever, loading of the metal 
hydroxide on the solid beads may be increased. In contrast, 
if the concentration of the alkaline agent is loW, the metal 
hydroxide precipitates sloWly and forms spherical, solid 
beads. HoWever, these solid beads may have a decreased 
loading of the metal hydroxide. 

[0028] Alternatively, the adsorption medium 2 may be 
impregnated onto a support, such as a ?lter, disc, or mem 
brane. The support may be a ?brous material, such as a glass 
Wool ?ber. Apressure differential, such as a vacuum, may be 
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applied on one side of the ?lter. The PAN-metal solution 
may be applied to the high pressure side of the pressure 
differential. The pressure differential causes the PAN -metal 
solution to How into, and impregnate, the ?lter. The impreg 
nated ?lter may be immersed in a Water bath to dilute, 
remove, or otherWise neutraliZe the solvent. Diluting the 
solvent may cause the PAN to solidify in the support. For 
instance, the PAN may solidify, forming a ?lter disk or a 
?lter medium that includes the PAN and the metal hydrox 
ide. In other Words, the impregnated support may include the 
metal hydroxide incorporated into, or physically trapped in 
the PAN. The adsorption medium 2 may also be used in a 
cartridge. 

[0029] The loading of the metal in the adsorption medium 
2 and, therefore, the concentration of the metal hydroxide in 
the adsorption medium 2 may be limited by the solubility of 
the metal in the metal solution. During formation of the 
adsorption medium 2, the PAN and the metal cation are each 
present at the same time in a liquid state. Since the PAN and 
the metal hydroxide are formed into the adsorption medium 
2 at the same time and do not require active sites, the 
concentration of the metal hydroxide in the adsorption 
medium 2 is not limited by the number of active sites on the 
adsorption medium 2. In contrast, the metal loading in 
conventional ion exchange resins, Where the metal is added 
to a preformed ion exchange resin, is limited by the number 
of active sites on the ion exchange resin. Therefore, the 
adsorption medium 2 of the present invention may have a 
capacity approximately 70 times higher than that of con 
ventional ion exchange resins. The adsorption medium 2 
may also have a high surface area and porosity, Which 
provides the adsorption medium 2 With an increased 
removal capacity for the constituents compared to conven 
tional ion exchange resins. In addition, the adsorption 
medium 2 may be selective for certain constituents, such as 
arsenic, in the presence of other potentially competing 
anions, such as phosphate or nitrate. 

[0030] To produce the adsorption medium 2 having a 
metal oxide as the active component 6, the matrix 4 may be 
dissolved in an organic solvent to form a PAN solution. Any 
organic solvent may be used provided that the organic 
solvent does not dissolve the metal oxide groups. For sake 
of example only, the organic solvent may be DMSO. In one 
embodiment, the matrix 4 is PAN and is dissolved in DMSO. 
The metal oxide may be ground into a ?ne poWder and 
added to the PAN solution. The metal oxide may be an oxide 
of a divalent, a trivalent, or a tetravalent metal, such as an 
oxide of a transition metal, a lanthanide or rare earth metal, 
a Group III metal, a Group IV metal, or a Group V metal. For 
instance, the metal oxide may be an oxide of iron, Zirco 
nium, lanthanum, cerium, titanium, aluminum, tin, silver, 
Zinc, mercury, bismuth, copper, antimony, tungsten, molyb 
denum. The metal oxide may be homogenously dispersed 
into the PAN solution to form a metal oxide-PAN solution. 
Solid beads that include PAN and the metal oxide may be 
formed by spraying the metal oxide-PAN solution through 
an air/noZZle device into a quenching bath, as previously 
described, except that the quenching bath is a Water bath. 
The solid beads are removed from the quenching bath, 
rinsed, dried, and screened to obtain a desired siZe fraction 
of the solid beads. The resulting solid beads may have the 
metal oxide incorporated into, or physically trapped in the 
matrix 4. 
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[0031] The adsorption medium 2 of the present invention 
may be used to remove oxyanion or oxyacid constituents of 
arsenic, selenium, or antimony from the feed stream 8, as 
shoWn in FIG. 2. As previously described, the feed stream 
8 includes at least one of these constituents. The feed stream 
8 may be a drinking Water source or an industrial Water 
stream that is contaminated With at least one of the con 
stituents. For sake of example only, the adsorption medium 
2 may be used to remove As(III) oxyacids, such as H3AsO3 
or HAsO2, or As(V) oxyanions or oxyacids, such as 
H3AsO4, H2AsO4_, or HAsO42_. The feed stream 8 may be 
passed through the adsorption medium 2 to remove the 
arsenic before the feed stream 8 is distributed to users as 
potable Water. The adsorption medium 2 has the capability 
of removing a substantial portion of the arsenic, even When 
the arsenic is present in the feed stream 8 at a loW concen 
tration. Since the adsorption medium 2 has a high capacity 
for the constituents, the feed stream 8‘ that exits the adsorp 
tion medium 2 may be substantially free of the constituents. 
In other Words, the feed stream 8‘ is substantially free of 
arsenic, selenium, or antimony and, therefore, may be a 
potable Water supply. 
[0032] To remove the oxyanion or oxyacid constituents of 
arsenic, selenium, or antimony, the feed stream 8 may be 
passed through the adsorption medium 2 in a single pass 
operation. When these constituents contact the metal 
hydroxide in the adsorption medium 2, a metal complex of 
the constituent may be formed. For sake of example only, if 
the feed stream includes arsenic oxyanions or oxyacids and 
is passed over an adsorption medium 2 that includes ferric 
hydroxide, the metal complex may be an iron arsenate salt 
complex or an iron arsenite salt complex. The metal com 
plex is immobiliZed on the adsorption medium 2 and, 
therefore, the constituent is removed from the WasteWater or 
drinking Water. When the adsorption medium 2 is loaded 
With the metal complexes of the constituents to a maximal 
capacity, the adsorption medium 2 may be removed and 
disposed of, such as in a land?ll. It is believed that the 
adsorption medium 2 loaded With the metal complexes of 
the constituents may meet criteria of the Toxicity Charac 
teriZation Leaching Procedure and, therefore, may be dis 
posed of. HoWever, the adsorption medium 2 may also be 
regenerated and reused by treating the adsorption medium 2 
loaded With the metal complexes With an alkaline solution. 

[0033] In one embodiment, the adsorption medium 2 may 
be used to remove or reduce indigenous arsenic contamina 
tion in the feed stream 8 to make the Water supply potable. 
For instance, the adsorption medium 2 may be used to 
remove arsenic the feed stream 8 having an arsenic concen 
tration of less than approximately 50 ppb. The adsorption 
medium 2 may be used to reduce the concentration of 
arsenic to a concentration of less than approximately 10 
ppm. Since the adsorption medium 2 provides a large 
surface area and a consequent increased capacity for arsenic, 
large volumes of the feed stream 8 may be passed through 
the adsorption medium 2 before the adsorption medium 2 is 
loaded to a maximal capacity With the arsenic complexes. 
One liter of the adsorption medium 2 may be used to treat 
from approximately 30,000 bed volumes to approximately 
100,000 bed volumes of the feed stream 8. HoWever, the 
adsorption medium 2 may also be used to remove arsenic 
from the feed stream 8 having an arsenic concentration of 
greater than 50 ppb. The adsorption medium 2 may be used 
to reduce the concentration of arsenic to a concentration of 
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less than approximately 50 ppm. The adsorption medium 2 
may also be used to treat or remediate contaminated surface 
Waters or ef?uents produced by industrial activities. 

[0034] To effectively remove the constituents, a pH of the 
feed stream 8 may be at least approximately 6. For instance, 
the pH of the feed stream 8 may range from approximately 
6 to approximately 8. The pH of the feed stream may be 
maintained at at least approximately 6 so that the constitu 
ents to be removed are present as oxyanions or oxyacids. 

[0035] The adsorption medium 2 may be packed into a bed 
10 that is used at the Well head or point of origin of a Water 
supply. Packed beds 10 are knoWn in the art and, therefore, 
the formation of the packed bed 10 is not described in detail 
herein. The packed bed 10 may include a housing Within 
Which the adsorption medium 2 is contained. In one embodi 
ment, spherical beads of the adsorption medium 2 are 
packed so that suf?cient spaces are present betWeen the 
spherical beads to alloW the feed stream 8 to pass through 
the packed bed 10. Once the feed stream 8 has passed 
through the packed bed 10 and the constituents are removed, 
the feed stream 8‘ may be distributed as potable Water. Since 
the packed bed 10 is easily formed, the adsorption medium 
2 may be an easy and economical Way for small and 
mid-siZed municipalities and other smaller-volume Water 
users to remove the constituents from the feed stream 8. 
More speci?cally, the adsorption medium 2 may be used to 
remove arsenic contaminants in the feed stream 8 to a 
concentration beloW the neWly reduced MCL. The arsenic 
may be removed at a loWer capital and operating cost than 
is required to establish a centraliZed Water treatment facility. 

EXAMPLES 

Example 1 

Preparation of Solid Beads Having Ferric 
Hydroxide Incorporated in a PAN Matrix 

[0036] Solid beads of the adsorption medium 2 Were 
prepared by dissolving approximately 70 g/L of iron oxide 
into concentrated nitric acid to form the metal solution. PAN 
Was then dissolved in the metal solution to form the PAN - 
metal solution having approximately 3 Wt % to approxi 
mately 5 Wt % PAN. The PAN-metal solution Was then 
sprayed through an air/noZZle device into an alkaline 
quenching bath having 3M NaOH to form the solid beads. 
The solid beads Were removed from the alkaline quenching 
bath, rinsed With ethanol, dried at a temperature of approxi 
mately 60° C., and screened to obtain a desired siZe fraction 
of the solid beads. Solid beads having PAN and ferric 
hydroxide Were produced. The solid beads had approxi 
mately 30% Fe(III). 

Example 2 

Determination of Equilibrium Arsenic Capacity 

[0037] The solid beads described in Example 1 Were tested 
to determine equilibrium arsenic capacity at various feed 
concentrations. A knoWn Weight of the solid beads Was 
contacted With a Water sample having a speci?c arsenic 
concentration. Contacts betWeen the solid beads and the 
Water sample Were repeated using different Weights of the 
solid beads to obtain a plot of equilibrium arsenic concen 
tration in the solid phase versus equilibrium arsenic con 
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centration in the liquid phase. These plots are referred to as 
equilibrium isotherms. FIG. 3 shoWs iron loadings ranging 
from 30 Wt % to 70 Wt %. These equilibrium isotherms 
provide data at or near the loW arsenic concentrations that 
exist in potable Water in the United States. As FIG. 3 shoWs, 
at 70% iron loading, the adsorption medium 2 provides an 
arsenic loading of approximately 3 mg/g With 20 ppb arsenic 
in the feed stream 8. Since the concentration of arsenic is 
very loW in the feed stream 8, there is a correspondingly loW 
concentration gradient or driving force for mass diffusion 
into the solid phase. Therefore, 3 mg/g arsenic in the solid 
phase is quite high. 

[0038] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of example in the draWings and 
have been described in detail herein. HoWever, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
folloWing appended claims. 

What is claimed is: 
1. A method of producing an adsorption medium, com 

prising: 

dissolving at least one metal compound in a solvent to 
form a metal solution; 

dissolving polyacrylonitrile (PAN) into the metal solution 
to form a PAN-metal solution; and 

depositing the PAN -metal solution into a quenching bath. 
2. The method of claim 1, Wherein dissolving at least one 

metal compound in a solvent to form a metal solution 
comprises dissolving at least one metal salt, at least one 
metal oxide, or mixtures thereof in the solvent. 

3. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent to form a metal solution 
comprises dissolving at least one salt or at least one oxide of 
a divalent, a trivalent, or a tetravalent metal in the solvent. 

4. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent to form a metal solution 
comprises dissolving at least one salt or at least one oxide of 
at least one of a transition metal, a lanthanide or rare earth 

metal, a Group III metal, a Group IV metal, or a Group V 
metal in the solvent. 

5. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent to form a metal solution 
comprises dissolving the at least one metal compound 
having a metal cation selected from the group consisting of 
iron, Zirconium, lanthanum, cerium, titanium, aluminum, 
tin, silver, Zinc, mercury, bismuth, copper, antimony, tung 
sten, and molybdenum in the solvent. 

6. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent to form a metal solution 
comprises dissolving at least one metal salt selected from the 
group consisting of a metal chloride, a metal oxychloride, a 
metal sulfate, a metal nitrate, and a metal acetate in the 
solvent. 

7. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent comprises dissolving the at 
least one metal compound in concentrated nitric acid. 

8. The method of claim 1, Wherein dissolving at least one 
metal compound in a solvent comprises dissolving the at 
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least one metal compound in an amount suf?cient to produce 
the metal solution saturated With the at least one metal 
compound. 

9. The method of claim 1, Wherein dissolving polyacry 
lonitrile into the metal solution comprises dissolving from 
approximately 3% by Weight to approximately 5% by 
Weight PAN into the metal solution. 

10. The method of claim 1, Wherein depositing the PAN - 
metal solution into a quenching bath comprises spraying the 
PAN -metal solution into the quenching bath that includes an 
alkaline agent. 

11. The method of claim 10, Wherein depositing the 
PAN -metal solution into the quenching bath comprises 
spraying the PAN-metal solution into the quenching bath 
comprising approximately 0.1M sodium hydroxide to 
approximately 8M sodium hydroxide. 

12. The method of claim 1, Wherein producing the adsorp 
tion medium further comprises simultaneously precipitating 
at least one metal hydroxide from the PAN-metal solution 
and insolubiliZing the PAN in the PAN -metal solution. 

13. The method of claim 12, Wherein producing the 
adsorption medium further comprises producing a solid bead 
comprising the at least one metal hydroxide incorporated 
into the PAN. 

14. The method of claim 1, Wherein producing the adsorp 
tion medium further comprises impregnating a support With 
the adsorption medium. 

15. The method of claim 12, Wherein producing the 
adsorption medium further comprises impregnating a sup 
port With the at least one metal hydroxide incorporated into 
the PAN. 

16. The method of claim 12, Wherein producing the 
adsorption medium further comprises producing the adsorp 
tion medium having from approximately 10% by Weight to 
approximately 85% by Weight of a metal in the form of an 
elemental metal and the at least one metal hydroxide and 
from approximately 15% by Weight to approximately 90% 
by Weight of the PAN. 

17. A method of removing a constituent from a feed 
stream, comprising: 

providing an adsorption medium having a polyacryloni 
trile (PAN) matrix and at least one metal hydroxide 
homogenously dispersed in the PAN matrix, the 
adsorption medium having from approximately 10% by 
Weight to approximately 85% by Weight of a metal in 
the form of an elemental metal and the at least one 
metal hydroxide and from approximately 15% by 
Weight to approximately 90% by Weight of the PAN; 

contacting the adsorption medium With a feed stream 
comprising at least one constituent; and 

removing the at least one constituent from the feed 
stream. 

18. The method of claim 17, Wherein contacting the 
adsorption medium With a feed stream comprising at least 
one constituent comprises contacting the adsorption medium 
With a feed stream comprising at least one constituent 
selected from the group consisting of arsenic, selenium, and 
antimony. 

19. The method of claim 17, Wherein contacting the 
adsorption medium With a feed stream comprising at least 
one constituent comprises contacting the adsorption medium 
With the feed stream comprising an oxyanion or an oxyacid 
of arsenic, selenium, or antimony. 
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20. The method of claim 17, wherein removing the at least 
one constituent from the feed stream comprises reducing an 
amount of arsenic in the feed stream to less than approxi 
mately 50 parts per billion. 

21. The method of claim 17, Wherein removing the at least 
one constituent from the feed stream comprises reducing an 
amount of arsenic in the feed stream to less than approxi 
mately 10 parts per billion. 

22. An adsorption medium having an increased metal 
loading, comprising: 

a polyacrylonitrile (PAN) matrix and at least one metal 
hydroxide, the adsorption medium having from 
approximately 10% by Weight to approximately 85% 
by Weight of a metal in the form of an elemental metal 
and the at least one metal hydroxide and from approxi 
mately 15% by Weight to approximately 90% by Weight 
of the PAN. 

23. The adsorption medium of claim 22, Wherein the 
adsorption medium comprises at least approximately 50 Wt 
% of the metal in the form of an elemental metal and the 
metal hydroxide. 
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24. The adsorption medium of claim 22, Wherein the at 
least one metal hydroxide is substantially homogenously 
dispersed in the polyacrylonitrile matrix. 

25. A method of producing an adsorption medium, com 
prising: 

dissolving polyacrylonitrile (PAN) in an organic solvent 
to form a PAN solution; 

adding at least one metal oxide to the PAN solution to 
form a metal oxide-PAN solution; and 

depositing the PAN -metal solution into a quenching bath. 
26. The method of claim 25, Wherein adding at least one 

metal oxide to the PAN solution to form a metal oxide-PAN 
solution comprises adding at least one poWdered metal oxide 
to the PAN solution. 

27. The method of claim 25, Wherein depositing the 
PAN -metal solution into a quenching bath comprises depos 
iting the PAN -metal solution into a Water bath. 


